Introduction
Today, demand for plants as food, medicine, and biofuel is ever increasing. As a result, genome and transcriptome knowledge is becoming more important (Sammour, 1999; Duvick et al., 2008; Edwards and Batley, 2009; Liolios et al., 2009; Zhang et al., 2010; Yang et al., 2011) . In plants, growth is a very intricate process comprising a variety of metabolic functions such as development, differentiation, defense, and reproduction. The regulation and control of biological processes occur at different levels (transcription, translation, or posttranslation, etc.) with the contribution of excessive amounts of genes and transcription factors. Growth-regulating factor (GRF) genes are plant-specific and present in the genomes of all known seed plants (Knapp et al., 2000; Kim et al., 2003; Choi et al., 2004; . GRF proteins have important effects on the growth and development of leaves and cotyledons, stem elongation, flowering, and germination (Hooley, 1994; Cowling and Harberd, 1999; Kim and Kende, 2004; Baloglu, 2014) . Van der Knaap et al. (2000) suggested that GRF proteins are transcription factors bearing some features that are special for transcription factor proteins. For example, growthregulating factor1 (OsGRF1, Oryza sativa L.) protein contains three structural features with similarities to the sequences in the database: 1) two conserved regions [QLQ (Gln-Leu-Gln) and WRC (Trp-Arg-Cys) domains], 2) a stretch of acidic amino acid residues consisting of Pro/Ser/ Thr-rich regions, and 3) a homopolymeric Gln sequence in the C-terminus (Treich et al., 1995; Kim and Kende, 2004) . GRF proteins contain a QLQ domain responsible for protein-protein interactions at N-terminus and a WRC domain responsible for transcriptional control and DNA binding at C-terminus. The function of GRF-QLQ domain originated from its similarity to the N-terminal region of the yeast SWI2/SNF2 protein, because SWI2/ SNF2 protein in yeast interacts with SNF11, which is the other component of the SWI/SNF chromatin-remodeling complex (Treich et al., 1999; Choi et al., 2004) .
WRC domain contains two distinct regions: a putative nuclear localization signal (NLS) and a zinc-finger motif, in accordance with its DNA-binding function. NLS region, containing mainly Arg and Lys amino acids, has an important role in the functioning of WRC domain. The zinc-finger motif of GRF proteins is highly conserved, consisting of three separate Cys and one His residue in its sequence [CX 9 CX 10 CX 2 H (C3H motif)]. Another important conserved domain of GRF protein is TQL; its function is not yet known (Treich et al., 1995) . It is possible to find different GRF proteins in various species. For instance, Arabidopsis thaliana, GRF gene family (AtGRF), comprises nine members; Oryza sativa has twelve members (OsGRFs). All known seed plants have highly conserved GRF protein QLQ-WRC domains in various species in varying numbers. Therefore, it seems plausible that exploring properties of conserved GRF proteins can be critical in every circumstance.
The order Malpighiales is one of the largest clades of eudicots, and its members are distributed in the tropics (Korotkova et al., 2009 ). The order is also one of the most diverse groups of flowering plants, containing nearly 16,000 species forming approximately 8% of all eudicots and 6% of all angiosperms (Davis et al., 2005) . The clade, initially identified by Chase et al. (1993) , includes more than 42 families and constitutes an important unit of the undergrowth of tropical rain forests (Cronquist, 1981) . Many of the Malpighiales members are economically important, and genomic research has been performed on or is ongoing in those species. Some members of the order Malpighiales are Cassava (Maniho, Euphorbiaceae), flax (Linum, Linaceae), poplar (Populus, Salicaceae), and castor bean (Ricinus, Euphorbiaceae) (Olsen and Schall, 1999; Jena and Gupta, 2012; Liang et al., 2014) . The cassava (Manihot esculenta) has an edible, starchy tuberous root that is cultivated mainly in the tropic and subtropic regions of the world. M. esculenta is tolerant to different types of stresses such as heat and drought and is adaptable to a wide range of environmental and soil conditions (Richardson, 2011) . The cassava crop can be processed into various types of products such as human food, starch, flour, tapioca, beverages, and cassava chips for animal feeding in small-scale industry (Lopez et al., 2005) . Although the cassava ranks third as a carbohydrate food source in tropical Africa and Central America after rice and maize, it is the primary source of carbohydrates in sub-Saharan Africa (Nartey, 1978; Perez and Villamayor, 1984; Cock, 1985; Best and Henry, 1992; Mann, 1997) . It is likely that 750-800 million people are benefiting from the cassava as a subsistence crop (Cock, 1982; FAO, 2007; Nassar and Ortiz, 2010) . For the above-mentioned reasons, the cassava has great economic importance worldwide; on the other hand, it is not widely known in comparison to rice and maize. However, this "orphan crop" is gaining prominence due to its importance in ethanol production and the emerging biofuel industry (Ziska et al., 2009) .
Ricinus communis (Euphorbiaceae), commonly known as castor bean, has been valued traditionally and medicinally for its potential in maintaining health (Rana et al., 2012; Tajima et al., 2013) . R. communis is mainly cultivated for its oil, leaves, and colored flowers and is widespread throughout the tropics and warm regions of the world (Jena and Gupta, 2012) . It also has antimicrobial properties (Zarai et al., 2012; Pacheco-Sanchez et al., 2012) , and its seed oil is nonedible and is broadly used for industrial purposes (Jin et al., 2014) . Linum usitatissimum (Flax) is an ancient crop, a member of the genus Linum, which includes more than 200 species around the world (Fedeniuk and Biliaderis, 1994; Konuklugil and Bahadır, 2004; Wang et al., 2012) . Flax is the only species with agricultural importance among Linaceae members (Gurbuz, 1999) . It is a diploid (2n = 30), erect annual plant known as common or cultivated flax. Flax is widely cultivated for fiber from the stems and oil and compounds from the seeds. In addition, the residue resulting from oil extraction from flax seeds is rich in proteins and is used as fodder for livestock (Sammour, 1999) . Populus trichocarpa (the western black cottonwood) is a model forest tree studied for its secondary growth and wood formation properties (Zhang et al., 2010; Geraldes et al., 2011; Liang et al., 2014) . P. trichocarpa is an ideal model system with advantages that include a small genome size, easy propagation, high yield, rapid growth, and available genomic resources (Cronk, 2005; Lu et al., 2005; Tuskan et al., 2006; Jansson and Douglas, 2007; Shuai et al., 2013) . It is used in various industrial processes such as the production of pulp, paper, and lignocellulosic biofuels. Thus, research on secondary growth and wood formation has great economic importance.
M. esculenta, R. communis, L. usitatissimum, and P. trichocarpa have varying amounts of GRF proteins. In this study, we focused on the GRF genes and proteins of these four species belonging to different genera in the order Malpighiales. The current available database was used for comparative in silico analysis in detail. Results could contribute to understanding how structurally similar but functionally diverse GRF proteins execute various functions in different plant parts or in different plant species.
Materials and methods
All GRF protein sequences were determined by Phytozome database (http://www.phytozome.net/) by BLAST analysis of several known GRF protein sequences against 4 species of Malpighiales: Manihot esculenta, Ricinus communis, Linum usitatissimum, and Populus trichocarpa. The BLAST results with E-values ≤e −10 were assigned as significant, and protein sequences were retrieved in FASTA format from the Plant Transcription Factor database (PlantTFDB, http://planttfdb.cbi.pku.edu.cn/index.php) with their complete cDNA sequences. In total, 87 GRF proteins (18 from M. esculanta, 12 from R. communis, 23 from L. usitatissimum, and 32 from P. trichocarpa) were retrieved and used for further bioinformatic analysis (Table 1) . Physicochemical features of all GRF proteins were analyzed by ExPASY-Protparam analysis tool considering characteristics such as sequence length (aa), molecular weight (Mw), isoelectric point (pI), total number of positive (+R) and negative (-R) residues, extinction coefficient (EC), instability index (II), aliphatic index (AI), and GRAVY. Multiple alignment process was performed with all GRF protein sequences using the ClustalW2 alignment program. QLQ and WRC domain sequences of GRF proteins were retrieved from the alignment data for the consensus sequence analysis. Domains and conserved protein motifs were analyzed using Pfam (http://pfam. xfam.org/), MEME (http://meme.nbcr.net/meme/cgibin/meme.cgi), and MAST (Bailey and Gribskov, 1998) (http://meme.nbcr.net/meme/cgi-bin/mast.cgi) servers, respectively. WebLogo3 program was used to compare the QLQ and WRC domains of Malpighiales species (http://weblogo.berkeley.edu/) (Crook et al., 2004) . The subcellular distributions of GRF proteins were evaluated using CELLO v.2.5 (subCELlular LOcalization predictor) and WoLF PSORT servers, respectively. N-glycosylation sites of the GRF proteins were determined using the NetNglyc 1.0 (http://www.cbs.dtu.dk/services/NetNGlyc/) server.
The phylogenetic tree of Malpighiales GRF proteins was constructed by using the maximum likelihood method with MEGA-6 (Tamura et al., 2013) . To highlight the variation in relationships among different species of Malpighiales, we compared 4 GRF proteins in each genus. The pairwise distance values were determined by the MEGA-6 program. In the Protein Data Bank server (PDB) there is no structural data for our GRF samples; therefore, homology models were predicted using PSIPRED v3.3 (predict secondary structure), BioSerf v2.0 (automated homology modeling), and DomSerf v2.0 (automated domain modeling by homology) methods with the PSIPRED server (http://bioinf.cs.ucl.ac.uk/psipred/). The RAMPAGE server was used for Ramachandran plot analysis to determine the best predicted models (http://mordred.bioc.cam.ac.uk/~rapper/rampage.php). RAMPAGE is a server that validates the quality of the predicted 3D models created by PSIPRED. Finally, 3D comparative analyses were conducted by PyMOL (TM) Schrodinger, LLC program. PyMOL transforms the theoretical data of a protein to its 3D structure; it is a usersponsored molecular visualization system on an opensource foundation.
Results and discussion

Growth-regulating factor genes in four species of the order Malpighiales
The analysis of gene sequences revealed that the average value of pairwise distance was 2.78 (from 0.098 to 4.766) for 87 GRF genes in Malpighiales. The highest value of pairwise distance (4.766) was found between R. communis (30190.m011209) and P. trichocarpa (Potri.015G006200.1), whereas the lowest value (0.098) was found between M. esculenta (cassava4.1_024195m) and R. communis (29706. m001283). The zero (0.000) values were omitted. The average values of pairwise distance in M. esculenta, R. communis, L. usitatissimum, and P. trichocarpa were 2.760, 2.674, 8.959, and 2.192, respectively. These results may be related to the phylogenetic positions of the species, because while M. esculenta and R. communis belong to the same family, Euphorbiaceae, L. usitatissimum and P. trichocarpa are members of Linaceae and Salicaceae, respectively. Although GRF gene functions are conserved, genomic sequences of plants may vary due to genetic arrangements such as recombination, duplications, insertion, polyploidy, and transposable elements. (Reineke et al., 2011; Filiz and Tombuloglu, 2014) . This bias, functional conservation versus genetic diversification, may be a result of responses to environmental conditions and phylogenetic forces.
Nucleotide substitution estimations
Nucleotide substitution estimations of GRF genes are given in Table 2 . Transition/transversion bias (R) was 0.779. Transitional substitutions were clearly higher than transversional substitutions. Interestingly, although all species had similar k 1 , k 2 , and R values, only L. usitatissimum genes showed a significant deviation from total values (k 1 = 12.261, k 2 = 7.143, and R = 4.792). According to our results, transitional nucleotide changes (purine to purine or pyrimidine to pyrimidine) in GRF genes of the order Malpighiales (especially in L. usitatissimum) 
The analysis involved 87 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were 282 positions in the final dataset. Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013) .
are observed more frequently than transversion changes (purine to pyrimidine or vice versa) based on DNA point mutations. These results were consistent with the findings for mammalian genomes (Rosenberg et al., 2003) . The number of segregating sites (S) and nucleotide diversity (π) were 282 and 0.727, respectively, using Tajima's neutrality tests. Nucleotide diversity (π) is the key concept to understanding genetic diversity and for measuring the level of polymorphism (Nei and Li, 1979 ). The number of aromatic residues such as Phe, Trp, and Tyr determines the extinction coefficient of a protein at 280 nm (Adeloye and Ajibade, 2011) . Higher concentrations of these amino acids indicate higher extinction coefficient values of GRF proteins. The instability index values (II) for Malpighiales GRF proteins ranged from 17.56 (cassava4.1_017783m) to 47.14 (Lus10000473), and 12.64% of the examined GRF proteins (11 samples) are stable in vitro because their instability index values are less than 40 (Table 1 ). The rest are unstable under in vitro conditions. The aliphatic index (AI) values of Malpighiales GRF proteins ranged from 44.47 to 104.88. Aliphatic index, an important factor, is a positive indicator for increased thermal stability of proteins (Ikai, 1980) . Higher aliphatic index values (104.55, 107.92, 91.68, 104.88, 104.88, 104.88, and 96 .61) of the following proteins, imply that cassava4.1_017783m, 30190.m011209, Lus10008532, Potri.001G104800.5, Potri.001G104800.4, Potri.001G104800.2, Potri.001G104800.6, respectively, may be stable over a wide temperature range (Table 1) . On the other hand, GRF proteins with lower AI values may exhibit a more flexible structure depending on temperature. This structural stability or flexibility of GRF proteins may be associated with the relative volume occupied by aliphatic amino acids (Ala, Val, Ile, and Leu) with aliphatic side chains in these proteins. Amino acid content analysis of all GRFs showed that the most abundant amino acid residue was Ser (average 49.7, 14.60%) in all 4 groups (Figure 1) . Gly, Leu, and Pro residues were the second group occupying protein volume (7.02%, 8.05%, and 6.78%, respectively). Cys and Trp residues had the lowest amounts in GRF proteins (1.78% and 1.45%, respectively). Amino acid content of each group was consistent with the average values. The GRAVY values of the GRF proteins ranged from -0.979 to 0.111 (Table 1 ). All GRF proteins are supposed to have a better interaction with water (with the exception of five GRFs) because a GRAVY index above zero indicates that the protein is hydrophobic and reflects the hydrophobicity of the whole protein. Five GRF proteins (cassava4.1_017783m, Potri.001G104800.5, Potri.001G104800.4, Potri.001G104800.2, and Potri.001G104800.6) had positive GRAVY values.
Sequence analyses of GRF proteins
The GRF multigene family is responsible for encoding GRF proteins, which are important molecules for the physiological and developmental activities of plants. The grf genes are strongly expressed in actively growing and developing tissues, such as roots, shoot tips, and flower buds but weakly in leaf tissues and mature stem (Kim et al., 2003; Choi et al., 2004) . The abundance of GRF proteins in different species varies; however, GRF family members contain the same characteristic regions such as QLQ (Gln, Leu, Gln) and WRC (Trp, Arg, Cys) domains. Our results also showed that QLQ and WRC domains were well conserved in GRF proteins among four species of the Malpighiales order (Table 1; Figure 2 ). In addition to QLQ and WRC domains, TQL, GGPL, RSRKPVE, FDV, and GFG domains are also highly conserved.
MEGA-CLUSTALW alignment
Multiple alignments of QLQ and WRC domains of Malpighiales GRF proteins revealed that none of the residues are conserved 100% among the selected 87 GRF proteins. However, if the conservation rate is manipulated, residues L167-P184-R232-D237-C243-K252-Y253-K267 M. esculenta (cassava4.1_003731m) are conserved 90% among almost all GRF sequences (Figure 3 ). In addition, some residues are conserved in various rates (80%-70%-50%; Table 3 ). There are some residual substitutions, deletions, and/or insertions that may affect the proteinprotein interaction and/or DNA-binding capacity of GRF proteins. For instance, cassava4.1_024195m GRF protein has a His (H)-substitution instead of Gln(Q)-170, and cassava4.1_017783m, 30190.m011209, Lus10008496, Lus10008532, Potri.001G104800.5, Potri.001G104800.4, and Potri.001G104800.2 have Val residue. In addition, 29739.m003776, Lus10038002, Lus10014381, Lus10009234, and Potri.001G104800.6 have a deletion in the same position (Figure 3) . These results can be considered a relationship between the conservation level of amino acids and the function of GRF proteins in four different members of Malpighiales.
Analysis of N-glycosylation sites/subcellular localization
The analysis of the N-glycosylation sites of the GRF proteins showed that 77 of 87 GRF proteins contained the predicted N-glycosylation sites in varying numbers (1-8), whereas 10 GRF proteins had no N-glycosylation sites. These findings may indicate the different functions, conformations, and targeting of GRF proteins related to growth-regulation of different parts (root, leaves, nodes, etc.) of flowering plants, because N-linked glycans may affect protein activity, stability, and conformations in plants (Rayon et al., 1998) .
Subcellular localizations of GRF proteins
It is expected that a typical plant transcription factor comprises a nuclear localization signal in addition to the DNA-binding domain, oligomerization site, and transcription-regulation domain (Doebley and Lukens, 1998; Saleh and Pages, 2003) . The analysis of subcellular localizations of 87 GRP proteins indicated that 78 GRF proteins were predicted in the nuclear region based on CELLO and PSORT servers (Table 1) . We found that GRF proteins may have a specific nuclear localization signal. Interestingly, the 2 GRF proteins from M. esculenta, 1 from R. communis, 1 from L. usitatissimum, and 6 from P. trichocarpa were predicted to be localized in the cytoplasm, chloroplast, and extracellular or plasma membrane by both CELLO and PSORT servers. 
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Conserved motif analysis of GRF proteins
By using the MEME program, ten conserved motifs were detected out of 87 GRF protein sequences (Figure 4 ; Table  4 ). Based on Pfam analysis, motif-1 and motif-2 were found to be related with WRC and QLQ domain structure, respectively. Motif-6 was related with an uncharacterized protein family. The other motifs (motif 3-4-5-7-8-9 and 10) did not show any relationship with any known domain structure. There is no GRF protein containing all ten conserved motifs.
Motif-1 and motif-2 are present in 71 GRF proteins, while motif-3 is present in 72, motif-7 in 30 and motif-8 in 57 GRF proteins. Although both WRC-QLQ domains were detected in 80.46% of all GRFs, some absent motifs such as motif-1 or motif-2 that connected with WRC and QLQ domains, respectively, may be related to deletion mutations in GRF genes. WRC domain was found only in three proteins (Lus10009234, Lus10000468, and 30073. m002312), and QLQ domain was found only in two GRFs (Lus10023877 and 29589.m001256; Table 1 ). Motif similarity or differentiation are important for protein metabolism due to known relations such as the domino effect among amino acid sequences, motif/domain formation, protein structures, and, finally, in protein functions (Saito et al., 2007; Avci et al., 2014) . This is because a common result of a differentiation in protein Table 3 . The conservation ratios of conserved amino acids in the sequences of Malpighiales GRF proteins.
The rates of conserved amino acids
sequences or structures is to gain or lose a function. Interestingly, some repeated (double) motifs can be seen in 5 GRFs: cassava4.1_009147m includes motif-7 two times, Lus10009533 includes motif-3, cassava4.1_032797m and 30174.m008910 include motif-1, and Potri.014G071800.1 includes motif-1 and motif-8. Potri.001G104800.6 did not have any motifs, only motif-10. This situation is contrary to known features of GRF proteins, because, at least WRC and QLQ domains are their characteristic elements. Conserved motif analysis showed that 12 GRFs do not have WRC and QLQ domains. As a result, motif distributions of Malpighiales GRF transcription factors were not stable, Figure 4 . The conserved motif analysis of 87 GRF proteins from 4 different species/genera in Malpighiales using the MEME server. Each motif was represented by a different colored box: motif-1: cyan, motif-2: blue; motif-3: red, motif-4: pink, motif-5: yellow; motif-6: light green, motif-7: aqua, motif-8: black, motif-9: dark green, motif-10: gray. and these motif variations could be related to duplication, insertion, deletion, or point mutations in dicots (Figure 4) .
3D structural analysis
Four proteins with the longest sequence lengths among the 87 GRF proteins (cassava4.1_003731m, 30170. m013673, Lus10011558, and Potri.007G007100.1) were selected to compare 3D structures of GRFs. Until recently crystallography and NMR data were required to determine 3D structures of proteins (Berman et al., 2000) . However, today, it is possible to predict the 3D structure of unknown proteins by comparing the primer structures of the known proteins from the Protein Data Bank (PDB) (Sali and Blundell, 1993; Fiser et al., 2000; Marti-Renom et al., 2000; Eswar et al., 2006; McGuffin and Roche, 2010; Buenavista et al., 2012; McGuffin et al., 2013) . In the PDB server there are no structural data for our GRF samples; therefore, we used the PSIPRED server (Jones, 1999; Buchan et al., 2013) to produce the .pdb files and predicted the 3D structures of the proteins. The output files were visualized by the PyMOL program ( Figure 5 ). The similarity of 3D structures of GRF proteins were not exact, but there was an acceptable similarity among them according to their general shape and the relative positions of QLQ, WRC, TQL, GGPL, RSRKPVE, FDV, and GFG domains ( Figure  6 ). The four proteins were in a triangle shape, and the domains replaced approximately the same regions of this triangle (Figures 5 and 6 ). First, we determined the locations of all domains in each of the four proteins by PyMOL, and then constructed a predictive 2D model representing the average positions of domains. GGPL, RSRKPVE, TQL, and WRC domains represent stronger similarity for location among four proteins. This structural similarity may be associated with common functions of GRF proteins. Despite this similarity in 2D representation, predictive 3D structures were distinctively different from each other (Jones, 1999; McGuffin and Jones, 2003; Lobley et al., 2009; Buchan et al., 2013) (Figure 5 ), because the distribution of protein cavities in each of the 87 GRF proteins is distinctly different (Figure 7) . A protein, especially a transcription factor, has to interact with its substrates, such as a protein or DNA. These interactions are affected by protein surfaces and cavities (Hubbard et al., 1994; Liang and Dill, 2001) . This is because both in protein-protein and DNA-protein interactions two molecules must be structurally and physicochemically compatible with each other (Suzuik et al., 1995) . Thus, the similarities or differences regarding the cavities of proteins may indicate signs of its functions or substrates. The cavities seen in mesh views of the four proteins were highly different. Differences may be explained by the diversity of substrate types or the affected area on plants.
To validate our predictive protein models, we used the Ramachandran plot analysis by the RAMPAGE server. The RAMPAGE results revealed that 80.1%, 78.9%, 79.7%, and 80.4% of residues were in a favored region; 13.5%, 14.1%, 14.9%, and 12.4% of residues were in an allowed region; and 6.4%, 7.0%, 5.4%, and 7.2% of residues were in the outlier regions in Manihot, Ricinus, Linum, and Populus samples, respectively (Figure 8 ). These results proved that the predictive 3D models in this study were of good quality.
Phylogenetic analysis
To understand the phylogenetic relationships among studied GRF proteins, we constructed a phylogenetic tree using the maximum likelihood method based on the Tamura-Nei model with MEGA6 ( Figure 9 ). Phylogenetic analysis was performed in 87 cDNA sequences of GRF proteins from 4 different species. Due to its high cost, low throughput, and relatively low accuracy, protein sequencing is not often used in phylogenetic studies. Thus, cDNA data instead of amino acid sequences were used to construct the phylogenetic tree. According to the results, 2 main groups were observed in the phylogenetic tree. The first main group included 6 clades, and the first clade consisted of 3 subclades. The second main group consisted of only two clades. The results showed that studied species of Malpighiales are monophyletic. This result is consistent with other studies regarding the phylogeny of Malpighiales (Kathriarachchi et al., 2005; Korotkova et al., 2009; Wurdack and Davis, 2009; Endress et al., 2013; Schneider et al., 2014) . Korotkova et al. (2009) determine relationships among major angiosperm lineages by using spacers and introns of the chloroplast genome. They concluded that monophyly is a common situation for Malpighiales phylogeny, as we determined. If all members of a group are more closely related to each other than they are to anything outside the group, they can be considered a monophyletic group in a systematic classification. A similar taxonomy was seen for mammalia (Stanhope et al., 1992; Pryer et al., 2000; Luo et al., 2002) . The important dilemma in our phylogenetic tree was that these clades consist of different genes that may belong to any of the four species. For example, clade-III includes a grain protein from Manihot (cassava4.1_022687m), Ricinus (30068.m002588), and Populus (Potri.001G082700.1). However, it is expected that related samples of one species will cluster in the same or nearby branches/clades (Baum, 2008) . The other obstacle was that there were no higher bootstrap values in our phylogenetic tree ( Figure 9 ). This can be explained by the similarity and orthology of GRF genes. When we consider the different number of GRF proteins in each species (GRF-1, GRF-2, …. GRF-X), every one of them may have an ortholog in another species. Furthermore, they may be exposed to different genetic drifts such as point mutations, deletions, duplications and insertions, or transposon activities, according to their roles in plant metabolism.
Our comparative analysis proved that the GRF proteins of the order Malpighiales are not exactly similar in terms of physicochemical and structural features. It is remarkable that GRF proteins share some common characteristics such as amino acid composition, conserved amino acids/motifs/domains, structural positions of conserved domains, general protein conformation, and phylogenetic distribution. These results will contribute to understanding the similarities and differentiation of structures/functions of GRF proteins for further studies.
